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Fingerprint identification is invaluable in forensic investigations. Whether the context be a burglary, 
an assault, or a homicide, fingerprints can be the easiest, most efficient, and quickest way to discern 
an identify or link an identity to a crime scene or object. Research so far shows many ways to 
develop a fingerprint on non-porous surfaces found at crime scenes such as windows, benches, 
handles and weapons using both chemical and physical methods. However, this leaves a gap in the 
literature on effective methods to develop fingerprints on porous surfaces such as fabrics.  In this 
study, cyanoacrylate fuming using two different reagents was used to test their efficacy on 
developing fingerprints on fabrics of natural and synthetic origin. The two reagents used were 
superglue and PECA. Standardised protocols for the two methods were optimised before being used 
on 18 different fabric types. In the superglue trials, 4 fabrics showed fingerprint development in 
varying stages of success. In the PECA trials, 1 fabric showed very limited development. These results 
lead to three conclusions. The first conclusion being that yarn characteristics are vital in the success 
or failure of fingerprint development on fabrics when using superglue as a reagent. The second 
conclusion being that a thread count over 70 per cm2 is conducive with fingerprint development 
using cyanoacrylate fuming. While the third conclusion is that PECA is not a suitable reagent for 




Fingerprint collection at crime scenes is an integral part of connecting persons of interest and victims 
to places or objects (3). Fingerprints are unique and therefore valuable evidence at a crime scene. 
The individuality of fingerprints comes from the friction ridge patterns on fingertips and palms that 
are inimitable, absolute, relatively easy to classify and easily left on smooth objects (4). Fingerprints 
found at crime scenes are either latent or patent fingerprints. Latent fingerprints are generally 
invisible to the naked eye as they are left behind by eccrine sweat emanating from eccrine pores on 
fingertips (3, 5). Eccrine sweat is deposited when in contact with an object in the form of contours 
creating a mirrored image of ridge patterns while patent fingerprints are transferred via 
contamination on the fingertips such as oil or blood, in the context of a crime scene (3).  
Cyanoacrylate fuming is a method of fingerprint development well documented for its use on non-
porous surfaces (2, 3, 5-7). The mechanism of cyanoacrylate fuming is, as such, well known. During 
cyanoacrylate fuming, a cyanoacrylate monomer is heated into an ethyl-cyanoacrylate vapour form 
(1, 3). This vapour form reacts with the eccrine secretions in latent fingerprints forming a white 
cyanoacrylate polymer along fingerprint ridges (2, 3, 6-8). Cyanoacrylate fuming is a limited latent 
fingerprint development technique. Aged latent fingerprints or fingerprints that have been through 
harsh conditions are unlikely to develop or will develop with a level of detail that does not allow for 
identification (6).  
Though the mechanism of cyanoacrylate fuming is understood through previous research there is 
debate within the literature about which compound, or complex initiates the polymerisation of the 
ethyl-cyanoacrylate vapour to the latent fingerprint. A study by Wargacki et al. (2008) attributes the 
salts found in eccrine secretions to be initiators of the polymerisation process as they are non-
volatile components that would be found in evaporated latent fingerprints (6). 
Recent one-step cyanoacrylate fuming techniques contain a fluorophore attached to the 




PECA reagent is available in three commercially available forms; PECA Regular, PECA Flour Extra and 
PECA Multiband (9). PECA Regular is a two-step cyanoacrylate which requires a secondary dyeing 
step, while PECA Flour Extra and PECA Multiband are one-step cyanoacrylates, containing a 
fluorophore attached to the polymer (9). This review will focus on PECA Multiband, further referred 
to as PECA. 
PECA is a solid polymer cyanoacrylate with an attached fluorophore. The fluorophore used in PECA 
reagent is unclear within the literature. Khuu et al. (2016) describe the fluorophore as p-
dimethylaminobenzaldehyde (DMAB) (7). Stewart et al. (2016), however, define PECA’s fluorophore 
to be 4-dimethylaminocinnamaldehyde (DMAC) (2). The literature does agree, nevertheless, that 
DMAC is an analogue of DMAB (5, 8). DMAB and DMAC have been studied for use as a fingerprint 
development technique since 1970s through the contact transfer method (10, 11). Multiple studies 
illuminate that these complexes target the amino acids in urea while also noting that DMAC gives 
fast results that fade over time (5, 10-12). Lee et al. (2009) hypothesised that this is due to the amino 
acids targeted by DMAC being less ubiquitous constituents of latent fingerprints (10).  
Takatsu et al. (2012) used cyanoacrylate fuming and DMAB staining as an alternative to powders to 
developing fingerprints on textured surfaces. This study concluded that DMAB did enhance 
cyanoacrylate fuming on textured surfaces but a long DMAB exposure time is necessary (8). Takatsu 
et al. (2012) also commented on their choice to use DMAB over DMAC as DMAB has a higher 
volatility and selective absorption towards cyanoacrylate polymers (8). It is the aim of this study to 
ascertain if fabrics, as they are textured surfaces, will respond to cyanoacrylate fuming using PECA 
reagent like the materials used in the 2012 study by Takashi et al.  
Fabrics 
The composition of fabrics will have an effect on the deposition and retention of a latent fingerprint. 
Fabrics are composed of fibres spun or joined together to form yarn which in turn is woven or 
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knitted into fabric. Synthetic and natural fabrics are the most commonly used fabrics in clothing and, 
as such, will be focused on in this study. Synthetic yarn is made from man-made filament fibres of 
indeterminate length combined to form fabrics such as nylon, polyester and microfibre. Natural yarn 
is made from short, joined staple fibres such as wool and cotton. Synthetic and natural fibres that 
are woven or knitted into fabrics have a weft and weave in their construction. Weft defines the 
fibres that run across fabrics while weave describes the vertical fibres within the fabric. Fabrics often 
have treatments on their surface that will also impact the deposition and retention of latent 
fingerprints such as UV protections on jeans or fabric softeners on shirts which should be explored in 
further study. 
Fraser et al (2014) quoted that the UK Home Office Manual has “no proven process” to develop 
latent fingerprints on fabrics (13). The literature around developing fingerprints on fabrics has tried 
different approaches such as vacuum metal deposition (14-16). These studies have had limited 
success and all report that both the fabric and donor type play a major role in the development of 
fingerprints on different fabrics (14-16). Beerman et al (2019) also reported that fabric and donor 
type played a crucial role in fingerprint development on fabrics in their study on the one-step 
cyanoacrylate Lumicyano™ (1). 
The warp and weft of fabric, as expected, are important in the retention of a latent fingerprint on 
fabrics. According to the results of Beerman et al. (2019), fabrics with a tight weft or weave such as 
polyester or silk show the most promise of developing latent fingerprints using one-step 
cyanoacrylate techniques (1). The study showed that black silk developed the most visible latent 
fingerprints, followed by white silk (1). Black polyester developed visible latent fingerprints when 
fumed with Lumicyano™, however there was no ridge detail that could be seen within the developed 
fingerprints (1). While developing a fingerprint without ridge detail may not seem like an important 




Materials and Methods 
To assess superglue and PECA reagent on the development of fingerprints on fabrics, four 
methodologies were applied on 18 different fabric types (Table 1). The first methodology, 
microscopy, was used to develop knowledge on each fabric’s thread count and alignment. The 
second methodology, optimisation, ensured the best conditions for the two testing conditions 
applied to the fabrics being examined. The third methodology and first testing condition was 
cyanoacrylate fuming using superglue to establish what is known to work on some fabrics and allow 
for contrast. The fourth methodology and second testing condition was cyanoacrylate fuming using 
PECA reagent.  
Table 1. Fabric types used in this study. 
Fabric Colour Origin 
Plain Cotton Canvas Black India 
Plain Cotton Linen Black Black China 
Plain Cotton Duck Black India 
Premium Cotton Sateen Black Black China 
French Crepe Black Black Korea 
Rayon Nylon Spandex Double Knit Black Black China 
MultiBlockout Onyx China 
Bemsilk Lining Black Black Korea 
Plain Satin Black China 
WP Heavy Duty Canvas Black China 
Galena Charcoal China 
Cotton Viscose Velveteen Bubblegum (“pink”) China 
Playful Orange China 
Landry Black China 
Spotz Silver/Cream India 
Pure Linen Silver India 
Plain Cotton Linen Taupe China 
Cassain White China 
 
Microscopy 
A Stereo Microscope with camera attachment was utilized to photograph the 18 fabrics being 
assessed in this study. Fabrics were examined under 10x magnification using the 1 x objective lens. 
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External light on each side of the microscope stage was applied at the highest brightness (setting 5) 
to achieve sharper resolution photographs of magnified fabrics.  
Photographs of the magnified fabrics were employed to determine thread count. Thread count is 
established by adding the weft and weave of a fabric in a centimetre squared. The results of this can 
be seen in Table 3 below. 
Optimisation 
Optimisation of the two cyanoacrylate fuming methods focused on three key elements of each 
methodology: temperature, humidity, and time.  
The hotplate used was a two burner with a 5-position temperature setting. To determine which 
temperature setting was right for superglue and PECA reagent activation each temperature setting 
was tested. A thermometer was enclosed inside the fuming tank with both burners set on equivalent 
temperature settings. A glass slide with a fingerprint was suspended from the tank lid via a bulldog 
clip with 20 drops of superglue and 100 mL boiling water in two aluminium foil containers resting on 
each hotplate, respectively. Each temperature setting was used to determine the ideal setting for 
superglue from the best developed fingerprint on a glass slide. This was repeated substituting PECA 
reagent where superglue was utilized to determine the best temperature setting for PECA reagent.  
Once temperature for each method was optimised, the same method was used to optimise 
humidity. Water levels were increased by 50 mL each trial to optimise the humidity at 80%. The 
humidity was analysed with a joint temperature and humidity thermometer at each optimal 
temperature. 
Timing was optimised for superglue cyanoacrylate fuming using the same method as above once the 
optimal temperature and humidity had been discovered. Time trials took place in increments of two 
minutes starting with two minutes as a baseline time. Timing for PECA reagent was not trials in this 




Superglue cyanoacrylate fuming is a well-researched chemical method of developing latent 
fingerprints. Using the appropriate optimised temperature, humidity and time discovered 
previously, the usual superglue cyanoacrylate method was followed (1,11). 
Each fabric was tested in duplicate, suspended from the fuming chamber lid with a bulldog clip. The 
SIRCHIE Latent Print Standards Pad (LPSP200) with known quantities of sebaceous oils, amino acids 
and salts was utilized to deposit three sequential fingerprints on fabric samples. 20 drops of 
superglue and 200 mL of boiling water were placed on the hotplates (temperature setting 3) in 
separate aluminium trays. Each fabric sample was left in the fuming chamber for 10 minutes, or until 
development. 
Photography was performed on each fabric sample once cyanoacrylate fuming was completed. 
Fingerprint powder was then applied in either Black (Lightning Powder Black #1-0001) or Silver 
(Lightning Powder Silver/Grey #1-0003) with a single-use fibreglass brush (TheBreeze™) depending 
on fabric colour for further contrast. The result of this further fingerprint development was then 
photographed. The Bandey scale, as outlined below was used to classify any developed fingerprint 
marks (table 2). 
Table 2. Bandey Scale (10, 17) 
Bandey Score Description 
0 No evidence of a fingerprint 
1 Weak development: evidence of development but no ridge detail “proof of 
contact” 
2 Limited development: approx. 1/3 of fingerprint developed, not able to be used 
for identification purposes 
3 Strong development: between 1/3 and 2/3 of fingerprint developed, can use for 
identification purposes 






The protocol for PECA reagent is outlined on the BVDA (Bureau Voor Dactyloscopische Artikelen) 
website (9). The amount of PECA used, as outlined in the manufacturer’s protocol, changes with 
fuming tank size. As such, the formula was applied to the dimensions of the fuming tank used in this 
study to determine 0.06 g of PECA reagent for each fuming trial. To have a continuous humidity of 
80% for 25 minutes as instructed by the manufacturer’s protocol, 350 mL of boiling water was set on 
a hotplate in an aluminium tray. Both hotplates were set to temperature setting 5. Fabrics were 
photographed using natural light, ultra-violet light, 505 nm wavelength light and 545 nm wavelength 
light once fuming was completed. Table 2 was utilised to determine the affluence of any developed 
fingerprints. 
Results and Discussion 
Microscopy 
Microscopic evaluation of fabrics allows interpretation of fabric structure and what that means for 
the application of superglue or PECA cyanoacrylate fuming to different fabric types. As seen below in 
table 3, some fabrics such as Plain Cotton Canvas have a thick, tight yarn with no gaps but still a low 
thread count (20 per cm2) while other fabrics such as Bemsilk Lining Black have a thin, long yarn with 
some gaps but still a high thread count (101 per cm 2). From previous studies, it is suggested that a 
higher thread count fabric, such as silk, will develop latent fingerprints (1).  
Table 3. Microscopy Results 




Plain Cotton Canvas Cotton: 100 20 Thick, rough, tight yarn; no gaps; 
asymmetrical yarn; 1 over, 1 
under yarn pattern 
Plain Cotton Linen Black Cotton: 85 
Linen: 15 
50 Thick, smooth, tight yarn; gaps at 
intersections; symmetrical yarn; 
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1 over, 1 under yarn pattern with 
double weft 
Plain Cotton Duck Cotton: 100 60 Thick, smooth, tight yarn; gaps at 
intersections; symmetrical yarn; 
1 over, 1 under yarn pattern with 
double weft 
Premium Cotton Sateen Black Cotton: 96 
Spandex: 4 
35 Thin, smooth, tight yarn; no 
gaps; symmetrical yarn; unable 
to determine yarn pattern 
French Crepe Black Polyester: 100 71 Thick, smooth, very tight yarn; 
no gaps; symmetrical yarn; crepe 
knit yarn pattern 





63 Thin, smooth, very tight yarn; no 
gaps; symmetrical yarn; double 
knit yarn pattern; very reflective 
MultiBlackout Polyester: 100 
(Acrylic Coated) 
74 Thick,smooth, tight yarn; no 
gaps; symmetrical yarn; 1 over, 1 
under yarn pattern; reflective 
Bemsilk Lining Black Acetate: 100 101 Thin, smooth, long yarn; some 
gaps; symmetrical yarn; 2 over, 1 
under yarn pattern, very 
reflective 
Plain Satin Polyester: 100 82 Thick, smooth, tight yarn; no 
gaps; symmetrical yarn; 1 under, 
1 over yarn pattern; reflective 
WP Heavy Duty Canvas Acrylic: 100 59 Thick, wiry, tight yarn; no gaps; 
symmetrical yarn; 1 under, 1 
over yarn pattern with double 
weft 
Galena Polyester: 100 62 Thin, rough, tight yarn; some 
gaps; symmetrical yarn; knitted 
loop yarn pattern 
Cotton Viscose Veleteen Cotton: 55 
Viscose: 45 
47 Thick & thin, wiry, tight yarn; no 
gaps; asymmetrical yarn; 1 
under, 1 over yarn pattern with 
double weave 
Playful Polyester: 96 
Nylon: 4 
38 Thin, smooth, loose yarn; many 
gaps; asymmetrical yarn; 1 
under, 1 over yarn pattern 
Landry Polyester: 100 28 Thin, smooth, loose yarn; many 
gaps, asymmetrical yarn; 1 
under, 1 over yarn pattern 
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Spotz Cotton: 75 
Linen: 25 
32 Thick & thin, wiry, loose yarn; 
many gaps; asymmetrical yarn; 1 
under, 1 over yarn pattern 
Pure Linen Linen: 100 22 Thick & thin, wiry, loose yarn; 
many gaps; asymmetrical yarn; 1 
under, 1 over yarn pattern 
Plain Cotton Linen Cotton: 85 
Linen: 15 
49 Thin, rough, tight yarn; some 
gaps; symmetrical yarn; 1 under, 
1 over yarn pattern with double 
weft 
Cassian Viscose: 70 
Linen: 30 
21 Thick & thin, rough, loose yarn; 
many gaps; asymmetrical yarn; 1 
under, 1 over yarn pattern 
 
Optimisation 
Optimisation trials found that temperature setting 3 was the best temperature for superglue 
cyanoacrylate fuming while temperature setting 5 was best for PECA cyanoacrylate fuming.  
To retain a humidity of 80% for the optimal 10 minutes it takes to develop a latent fingerprint using 
superglue fuming, 200 mL of boiling water is the optimal amount. The formation of cyanoacrylate 
from PECA cannot be interrupted for 25 minutes, as such, the ideal amount of boiling water to retain 
80% humidity is 350 mL. 
During trials, 400 mL boiling water was originally used in PECA reagent reactions to retain an 80% 
humidity. Multiple trials showed that replenishing the boiling water between each PECA trial to 400 
mL increased the humidity to above 80% when multiple trials were run continuously. Thus, 
optimisation of the method required less boiling water to be within the fuming environment to allow 
for continuous trials.  
Superglue Fuming 
Cyanoacrylate fuming using superglue as the catalyst reagent had varying degrees of success on 
different fabric types. Of 18 fabrics tested, four showed partial fingerprints. From table 4, French 
Crepe Black and Multiblackout both showed detail enough to be objectively classified as a 1 on the 
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Bandey Scale. Plain Satin objectively scored a 2 on the Bandey scale while Bemsilk Lining Black 
objectively scored a 3. These rankings on the Bandey Scale are subjective to the experimenter and 
not validated by a fingerprint expert (Table 4). 
Table 4. Superglue Trials 
Fabric CA Development Powder Development Bandey Score 
Plain Cotton Canvas None None 0 
Plain Cotton Linen 
Black 
None None 0 
Plain Cotton Duck None Slight 0 
Premium Cotton 
Sateen Black 
None Slight 0 
French Crepe Black None Yes 1 
Rayon Nylon Spandex 
Double Knit Black 
None None 0 
MultiBlackout None Yes 1 
Bemsilk Lining Black None Yes 3 
Plain Satin None Yes 2 
WP Heavy Duty 
Canvas 
None None 0 
Galena None None 0 
Cotton Viscose 
Veleteen 
None None 0 
Playful None None 0 
Landry None None 0 
Spotz None None 0 
Pure Linen None None 0 
Plain Cotton Linen None None 0 
Cassian None None 0 
 
Bemsilk Lining Black gave the most detailed fingerprint mark, as seen in figure 1 below. Figure 1 
details first class characteristics like the whorl pattern of the fingerprint, second class characteristics 
such as the individual minutae but not third-class characteristics. This resolves the enhanced 
fingerprint to a 3 on the Bandey scale which is enough to be entertained as a partial fingerprint for 
identification purposes. When this result is compared to the findings of table 3 where Bemsilk Lining 
Black scored a thread count of 101 per cm2 and the knowledge that tight yarn structures and high 
thread counts have previously shown to work using the cyanoacrylate method, this is not surprising. 




Figure 1. Bemsilk Lining Black after Superglue fuming and Silver Powder enhancement. 
Plain Cotton Canvas, on the other hand, did not develop any indication of a fingerprint residue when 
processed in the superglue fuming chamber. Figure 2 shows the result of Plain Cotton Canvas after it 
was cyanoacrylate fumed using superglue as the reagent and powdered using silver fingerprint 
powder. Figure 2 illustrates the lack of fingerprint mark that can be seen through this method on this 
fabric type. When considering the microscopy of the fabric (Table 3), Plain Cotton Canvas had the 
lowest thread count (20 per cm2) while Bemsilk Lining Black had the highest thread count (101 per 
cm2). As such, it can be inferred that the fabric type, composition, thread count and yarn pattern all 





Figure 2. Plain Cotton Canvas after Superglue fuming and silver powder enhancement. 
When combining the results of Thread Count and Bandey Score from Tables 3 and 4, respectively, 
the fabrics that record a thread count above 70 are the same fabrics that develop fingerprint detail 
after being treated with cyanoacrylate and fingerprint powder. This indicates there is a trend within 
this study that fabrics with a high thread count will develop fingerprint detail. This observation fits in 
with the observations of the literature where fingerprints were developed with a similar method (3, 
17). 
Some fabrics in this study, such as French Crepe Black (figure 3) and MultiBlackout, were rated a 1 
on the Bandey Scale. This rating implies there is “proof of contact” which does not include enough 
detail to identify a fingerprint. If superglue cyanoacrylate were to become the standard method of 
developing fingerprints on fabrics, further study would need to be done on the implications of 
cyanoacrylates on other elements of forensic investigation such a trace element analysis or DNA 





Figure 3. French Crepe Black after superglue fuming and silver powder enhancement. 
PECA Fuming 
Of the 18 fabrics tested, Cassain resulted in a fingerprint rated 1 on the Bandey Scale (Table 5). A 
rating of 1 is a “proof of contact” fingerprint. This observation leads to the conclusion that 
cyanoacrylate fuming using PECA as the reagent does not result in any identifying fingerprints. 
Table 5. PECA Trials 
Fabric PECA Development Bandey Scale 
Natural Light UV Light 505nm Light 545nm Light 
Plain Cotton 
Canvas 
None None None None 0 
Plain Cotton 
Linen Black 
None None None None 0 
Plain Cotton 
Duck 




None None None None 0 
French Crepe 
Black 





None None None None 0 
MultiBlackout None None None None 0 
Bemsilk Lining 
Black 
None None None None 0 
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Plain Satin None None None None 0 
WP Heavy 
Duty Canvas 
None None None None 0 




None None None None 0 
Playful None None None None 0 
Landry None None None None 0 
Spotz None None None None 0 
Pure Linen None None None None 0 
Plain Cotton 
Linen 
None None None None 0 
Cassian None Slight None None 1 
 
 
Figure 4. Cassain developed with PECA Reagent fluorescing under UV Light. 
Figure 4, above, shows the amount of detail provided from a fingerprint classed as a 1 on the Bandey 
Scale. This fluorescence was not seen in any of the other lighting conditions tested. While this is not 
the anticipated outcome of the study, it is a positive result all the same. The thread count of this 
fabric is 21 per cm2, a value well under the previously proposed cut off of 70 per cm2 thread count 
that allows fingerprint development. It is the conclusion of this study that the development of PECA 
on this fabric type has more to do with the colour than the fabric count. This study shows that PECA 
may not be a viable option for the development of fingerprints on fabric. Further testing would need 





There are three main conclusions that can be drawn from this study. The first conclusion being that 
the yarn characteristics of fabrics are vital to the success or failure of superglue cyanoacrylate 
fuming on fabrics. These yarn characteristics include weft, weave, tightness, looseness, thickness, 
thinnest and thread count as the main constituents that contribute to successful superglue 
cyanoacrylate fingerprint fuming. A fabric that is composed of a tight, thick, high thread count yarn 
structure has the best opportunity to develop fingerprints using cyanoacrylate fuming.  
The second conclusion that can be drawn from this study is that fabrics with a thread count over 70 
per cm2 will develop a fingerprint when exposed to cyanoacrylate fuming. The third conclusion that 
can be drawn from this study is that PECA is not a good reagent to use for the cyanoacrylate fuming 
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